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The regulatory circuit for Kaposi’s sarcoma-associated herpesvirus/human herpesvirus 8 (KSHV/HHV-8)
gene expression bears resemblance to that of Epstein-Barr virus (EBV), but with interesting differences. Based
on protein sequence similarities and synteny to their EBV counterparts, two KSHV/HHV-8 viral regulatory
factors, HHV-8 Rta and K-bZIP, encoded by open reading frame (ORF) 50 and ORF K8, respectively, have
been identified. Rta is an immediate early transcriptional activator that activates lytic viral replication and
mediates viral reactivation from latency, while ORF K8 is an early gene activated by Rta. Extensive splicing of
ORF K8 mRNA leads to the production of K-bZIP, a protein of the basic domain-leucine zipper (bZIP) family.
The role of K-bZIP in viral replication, however, remains unresolved. Here, we report that K-bZIP is a nuclear
protein that binds Rta directly both in vivo and in vitro and represses Rta-mediated transactivation of the
K-bZIP promoter. We further demonstrate that the leucine zipper domain of K-bZIP is required for Rta
binding and a K-bZIP mutant lacking the leucine zipper does not repress Rta activity. Finally, the K-bZIP-
mediated repression of Rta transactivation cannot be restored by overexpression of the transcriptional coac-
tivator p300 or the p300-CBP-associated factor, P/CAF. Our results suggest that K-bZIP is involved in a
feedback circuit to turn off its own expression and possibly the expression of other early genes activated by Rta.

Kaposi’s sarcoma-associated herpesvirus (KSHV), also
known as human herpesvirus 8 (HHV-8), is a newly identified
human gammaherpesvirus that is strongly linked to the devel-
opment of Kaposi’s sarcoma and lymphoproliferative diseases,
including body cavity-based B-cell lymphoma, otherwise
known as primary effusion lymphoma (PEL), and Castleman’s
disease (1–4, 24, 26, 29). Like other herpesviruses, KSHV/
HHV-8 follows an orderly program of gene expression during
its replication cycle. Lytic viral replication is initiated by the
expression of immediate-early genes whose gene products then
activate the expression of early genes.

The mechanism of viral reactivation from latency has been
well characterized for Epstein-Barr virus (EBV)—another
member of the gammaherpesvirus family—where the imme-
diately-early transactivator, Zta (also called EB1, Zebra, or
BZLF1), of EBV induces the viral lytic cycle (16, 20) by aug-
menting transcription of both itself and EBV Rta after binding
to cis-regulatory elements in their respective promoters (16,
28). Zta and Rta together activate expression of a third trans-
activator, Mta (BMLF1) (6, 9, 11, 15). The concerted action of
these three viral regulatory factors then leads to the sequential

activation of early gene expression followed by DNA replica-
tion and late gene expression (7, 8, 25, 28).

Based on protein sequence similarities and synteny to their
EBV counterparts, two putative HHV-8 viral transcriptional
regulators, HHV-8 Rta and K-bZIP, encoded by open reading
frame (ORF) 50 and ORF K8, respectively, have been identi-
fied (10, 17). Like their EBV “equivalents,” the polypeptides
for HHV-8 Rta and K-bZIP are derived from splicing of a
complex set of RNA transcripts (10, 17, 32). While EBV Rta
and Zta act synergistically and are both important for EBV
reactivation in latently infected B cells, HHV-8 Rta alone
appears to be sufficient for viral reactivation (18, 19, 30).
DNA transfection of an expression construct of Rta into cells
harboring a latent KSHV/HHV-8 genome triggers lytic viral
replication (30). Furthermore, KSHV/HHV-8 Rta becomes
expressed immediately after induction of latently infected
PEL-derived B cells by chemicals such as tetradecanoyl phor-
bol ester acetate and sodium butyrate (31). Rta, in turn, trans-
activates the expression of multiple KSHV/HHV-8 early gene
products that include the ORF 6 product (single-stranded-
DNA-binding protein), the ORF 9 product (DNA polymer-
ase), the ORF 21 product (thymidine kinase), the ORF 57
product (Mta), the ORF 59 product (PF8), nut-1/PAN, K9
(vIRF1), K12 (kaposin), and importantly, K8 (K-bZIP) (5, 18,
19, 27).

K-bZIP is a homodimeric phosphoprotein of 237 amino acid
residues that contains a prototypic basic region-leucine zipper
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FIG. 1. K-bZIP represses Rta-mediated transactivation. (A) Transactivation of RtaRE220-Luc by Rta is repressed by K-bZIP. A DNA
fragment containing a 220-bp nucleotide sequence upstream of the ORF K8 translational start site was inserted upstream of the promoterless firefly
luciferase gene in a reporter plasmid, pA3Pluc, to generate RtaRE220-Luc. RtaRE220-Luc was then used as a reporter for Rta-mediated trans-
activation. The cDNA for KSHV/HHV-8 Rta was amplified from a lambda phage-based cDNA library of a PEL cell line, BCBL1, using the primers
5� AGATCT(BglII)CCATGG CGC AAG ATG ACAAG and 5� GAATTC(EcoRI)TCA GTC TCG GAA GTA ATT ACG. The PCR product was
cloned into the PCR2.1 TA-cloning vector, digested with BglII and EcoRI, and ligated into the BamHI and EcoRI sites of pcDNA3.1(�) vector
to obtain CMV-Rta. The K-bZIP expression vector, pCMV-HA-K-bZIP, has been described (17). Approximately 106 HEK 293 cells/well in a six-
well plate were cotransfected with the RtaRE220 (0.5 �g) in the presence (lanes 1 to 4) or absence (lane 5) of the Rta expression plasmid, CMV-
Rta (1 �g), together with 0, 0.5, 1 and 2 �g of pCMV-HA-K-bZIP (lanes 1-4, respectively) using Lipofectamine (Invitrogen Corp.) as prescribed
by the manufacturer. The total amount of transfected DNA (3 �g) in each well was kept constant by the addition of the empty vector plasmid
pcDNA3.1(�). Cell lysates were prepared 48 h after transfection by dissolving the DNA-transfected cells from each well in 200 �l of the reporter
lysis buffer (Promega Corp.). Twenty microliters of the lysate was then placed in each well of a 96-well plate. After injection of 100 �l of luciferase
substrate buffer, the luciferase activity was measured immediately in an MLX microtiter plate luminometer (Dynex Technologies). Transfections
and luciferase assays for each experiment were performed in triplicate with the averages and standard deviations of luciferase activities shown. (B)
Expression of Rta driven by the CMV immediate early enhancer-promoter is not affected by K-bZIP. HEK 293 cells were transfected as described
for panel A. Twenty micrograms of total cell proteins from each transfection was resolved in an SDS–12% polyacrylamide gel and immunoblotted
with a rabbit polyclonal antibody against a peptide containing amino acid residues 527 to 539 (KKRKALTVPEADT) of Rta and an anti-HA mouse
monoclonal antibody (Santa Cruz Biotechnology, Inc.). (C) Repression of Rta-mediated transactivation by K-bZIP at different Rta-to-K-bZIP
ratios. DNA transfection was carried out as described for panel A, with increasing amounts of CMV-Rta and a fixed amount of K-bZIP. (D) De-
tection of Rta and K-bZIP in cell lysates from panel C. Immunoblots were carried out as for panel B using antibodies against Rta and HA epitopes.
Each lane contains 10 �l of cell lysates (�20 �g of total protein). (E) Repression of Rta transactivation by K-bZIP in NC37 cells. Two million NC37
B-cells in each well of a six-well plate were cotransfected with 2 �g of CMV-Rta and 0.1, 0.5, 1, or 2 �g of pCMV-HA-K-bZIP, using the GENEporter
2 transfection reagent (Gene Therapy System) as per the manufacturer’s protocol. Forty-eight hours after transfection, cells were collected and
luciferase assays were performed as described for panel A. A TK-promoter driven Renilla luciferase vector, pTK-RL (Promega Corp.), was used
to normalize the transfection efficiency. The total amount of plasmid DNA in each well was kept constant by adding pcDNA3.1(�) empty vector.
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(bZIP) domain at the carboxyl terminus (17). K-bZIP derives
its sequence from three coding exons and one untranslated
exon via splicing of the K8 ORF mRNA (17). While K8 ORF
mRNA can yield multiple gene products via alternative splic-
ing, K-bZIP appears to be the predominant isoform (14, 17,
23). Although the amino acid sequence of the bZIP domain of
K-bZIP is reminiscent of that of EBV Zta (17), K-bZIP differs
from EBV Zta functionally (10, 23). Unlike EBV Zta, K-bZIP
cannot activate lytic viral replication when expressed in latently
infected B cells (23). Recently, K-bZIP has been shown to
interact with p53 and repress the transcriptional activity of p53
(22). This activity of K-bZIP presumably inhibits p53-mediated
apoptosis and can facilitate viral replication (22). K-bZIP also
appears to play a role in viral replication when cotransfected
with genes encoding the core HHV-8 replication proteins
(ORF40/41 primase-associated factors, ORF6 single-stranded
DNA-binding proteins, ORF59 polymerase processivity factor,
ORF9 polymerase, ORF44 helicase, and ORF56 primase),
which form large globular “pseudo-replication compartments”
that exclude cellular DNA, K-bZIP was found to localize to
pseudo-replication compartments (33). Association of K-bZIP
with the punctate cellular promyelocytic leukemia protein
(PML)-associated nuclear bodies and viral replication complex
has also been reported (33).

The fact that KSHV/HHV-8 Rta is functionally equivalent
to EBV Zta in viral reactivation raises interesting questions
regarding the role of K-bZIP in KSHV/HHV-8 viral gene
expression. Here, we show that K-bZIP is a nuclear protein
that binds directly to KSHV/HHV-8 Rta and represses trans-
activation of its own promoter by Rta. The leucine zipper
domain of K-bZIP is required for Rta binding, and a K-bZIP
mutant lacking the leucine zipper domain failed to repress
Rta-mediated transactivation. Finally, the repression of Rta
transactivation by K-bZIP cannot be reversed by overexpres-
sion of transcription coactivators p300 and/or P/CAF.

K-bZIP represses Rta-mediated transactivation. Because
EBV Zta and Rta act synergistically to promote viral gene
expression, we sought to investigate whether K-bZIP may also
collaborate with KSHV/HHV-8 Rta to activate viral transcrip-
tion. KSHV/HHV-8 Rta has been shown to transactivate many
early genes, including ORF K8, which encodes K-bZIP (19).
We previously constructed a reporter, RtaRE220-Luc, in
which a DNA fragment containing a 220-bp sequence up-
stream of the ORF K8 translational start site was inserted
upstream of a promoterless firefly luciferase gene in a reporter
plasmid, pA3Pluc. To determine whether K-bZIP can affect
Rta function, human embryonic kidney (HEK) 293 cells were
transiently cotransfected with CMV-Rta, RtaRE220-Luc, and
increasing amounts of pCMV-HA-K-bZIP. As anticipated,
Rta greatly augmented luciferase expression driven by the
ORF K8 promoter in RtaRE220-Luc (Fig. 1A, compare lanes
1 and 5). Coexpression of K-bZIP, however, resulted in repres-
sion of the transactivating activity of Rta in a dose-dependent
manner (Fig. 1A and B, bottom) and over a wide range of Rta
concentrations (Fig. 1C and D). The diminution of Rta activity
is not due to a reduction in Rta expression caused by K-bZIP,
as indicated by immunoblotting of cell extracts prepared from
HEK 293 cells cotransfected with both Rta and K-bZIP ex-
pression constructs driven by the cytomegalovirus (CMV) im-
mediate-early enhancer-promoter (Fig. 1B and D). The fact

that K-bZIP repressed Rta-mediated transactivation in a dose-
dependent manner and yet had no effect on Rta expression
driven by the CMV immediate-early enhancer-promoter sug-
gests that the effect of K-bZIP on Rta is specific. The suppres-
sive effect of K-bZIP on Rta was also seen in an EBV-positive
human B-lymphoblast line, NC37, after DNA transfection us-
ing the GENEporter 2 transfection reagent (Gene Therapy
Systems, San Diego, Calif.). Interestingly and in contrast to a
previous report that K-bZIP is localized to the PML bodies in
PEL cells and in 293T cells that overexpress the PML protein
(13, 33), immunofluorescence showed that K-bZIP localizes in
the nuclei of transfected HeLa cells in a diffuse staining pattern
(Fig. 2A), analogous to Rta (Fig. 2B). The overall staining
patterns of Rta and Zta appear to overlap (Fig. 2D), suggesting
that they may be colocalized. The difference in K-bZIP local-
ization in HeLa versus PEL and 293T cells may be a conse-
quence of overexpression of PML protein in the latter cell
types.

K-bZIP binds KSHV/HHV-8 Rta in vivo and in vitro. We
next investigated whether K-bZIP interacts with Rta directly.
HA-tagged K-bZIP and Rta expression plasmids (pCMV-HA-
K-bZIP and CMV-Rta, respectively) were cotransfected into
HEK 293 cells by lipofection. Forty-eight hours after transfec-
tion, cells were harvested, lysed, and sonicated. After centrif-

FIG. 2. Nuclear localization of K-bZIP and Rta. Approximately 105

HeLa cells were seeded on each of the coverslips in a six-well plate and
cotransfected with pCMV-HA-K-bZIP and CMV-Rta by Lipofect-
amine (Invitrogen Corp.). Forty-eight hours after DNA transfection,
cells on coverslips were fixed with paraformaldehyde and incubated
with both rabbit anti-Rta and mouse anti-HA antibodies (1:500 dilu-
tion in phosphate-buffered saline–3% bovine serum albumin). After
three washes with 2 ml of phosphate-buffered saline each, fluorescein
isothiocyanate-conjugated goat anti-rabbit immunoglobulin G (1:400;
Vector Laboratories Inc.) and Cy3-conjugated anti-mouse immuno-
globulin G (1:10,000; Sigma) were applied for 1 h at room tempera-
ture. Cells were washed again with 2 ml of phosphate-buffered saline
five times. Cells were then mounted with one drop of Fluoromount-G
(Southern Biotechnology Associates, Inc.) which contained 0.5 �g of
4�,6�-diamidino-2-phenylindole (DAPI) per ml and visualized with a flu-
orescence microscope. The fluorescence images from Cy3 (HA-K-bZIP),
fluorescein isothiocyanate (Rta), and DAPI were collected separately
and overlaid by a computer to create the three-color images (merge).
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ugation to remove cell debris, Rta was immunoprecipitated
with a rabbit antiserum generated against a peptide (KKRKA
LTVPEADT) containing amino acid residues 527 to 539 of
Rta (a generous gift from Gary Hayward), resolved by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and probed for the presence of Rta-bound HA-K-
bZIP using a monoclonal hemagglutinin (HA) antibody. As
anticipated, HA-K-bZIP coimmunoprecipitated with Rta (Fig.
3A, top, lanes 2 and 3), while immunoprecipitates of HEK 293
cells transfected with CMV-Rta alone (lane 1) or mock trans-
fected with pcDNA3.1(�) vector (lane 4) did not contain HA-
K-bZIP. In the converse experiment, anti-HA antibody coim-
munoprecipitated Rta only in the presence of HA-K-bZIP
(Fig. 3A, bottom, lanes 2 and 3). We also noticed that the
K-bZIP expressed in HEK 293 cells migrated at a position that
corresponds to a molecular mass of 37 kDa (data not shown),
greater than the predicted molecular mass of 27 kDa based on
the amino acid sequence, apparently as a result of posttrans-
lational modifications by cyclin-dependent kinases as previ-
ously reported (23). To determine if K-bZIP and Rta interact
directly, we derived a maltose-binding protein (MBP)–K-bZIP
fusion construct by joining the coding sequence of K-bZIP with
that of MBP. MBP–K-bZIP was then expressed, purified by
using amylose resin, and used in a pull-down assay together
with purified Rta protein derived from an Escherichia coli
expression system. As shown in Fig. 3B, left panel, Rta was
bound by MBP–K-bZIP but not by the MBP control. No de-
tectable binding to MBP–K-bZIP or MBP was observed for the
control I-�B kinase �-regulatory subunit (IKK�) (Fig. 3B, right
panel).

K-bZIP/Rta interaction requires the bZIP domain of K-
bZIP. As reported previously and depicted in Fig. 4A, K-bZIP
contains three domains: the transactivation domain (TAD;
amino acids 1 to 121), the DNA-binding domain (DBD), or
basic domain (BD) (amino acids 121 to 189), and the ZIP
domain (amino acids 190 to 237). To map the region in K-bZIP
that binds Rta, we derived three deletion mutants of K-bZIP
containing amino acid residues 1 to 189 (TAD-DBD), 121 to
238 (DBD-ZIP), and 189 to 238 (ZIP). These three deletions
were fused to the MBP coding sequence individually, and fu-
sion proteins were expressed, purified (Fig. 4B, lanes 7 to 11),
and used in pull-down experiments together with purified Rta
protein. As shown in Fig. 4B, the region containing the TAD
and the BD (residues 1 to 189) did not show detectable inter-
action with Rta (lane 3). By contrast, the bZIP domain bound
Rta (lane 4), and, importantly, the ZIP region of K-bZIP alone
(lane 5) is sufficient for interaction with Rta. We next tested
the individual K-bZIP deletions listed above for their abilities
to repress Rta-mediated transactivation. K-bZIP(1-189) could
be readily expressed and detected by immunoblotting (Fig. 4C,
left panel). As expected, it had no effect on Rta function (Fig.
4C, right panel, lane 2). We could not detect expression of
bZIP(121-238) and ZIP(189-238) deletions by immunoblotting

FIG. 3. K-bZIP interacts with Rta in vivo and in vitro. (A) K-bZIP
and Rta coimmunoprecipitate. Approximately 106 HEK 293 cells in
each well of a six-well plate were transiently transfected with 1 �g of
CMV-Rta alone (lanes 1) or together with 1 (lanes 2) or (lanes 3) 2 �g
of pCMV-HA-K-bZIP or 1 �g of the empty vector pcDNA3.1(�)
(lanes 4). Forty-eight hours after transfection, 500 �g of whole-cell
lysates prepared in 250 �l of radioimmunoprecipitation assay buffer
(9.1 mM dibasic sodium phosphate, 1.7 mM monobasic sodium phos-
phate, 150 mM NaCl, 1% Nonidet P-40, 0.1% SDS) containing 1�
protease inhibitor cocktail (Roche Diagnostics) was immunoprecipi-
tated with 10 �l of a rabbit polyclonal Rta antibody or 10 �l of an HA
monoclonal antibody together with 20 �l of protein A-Sepharose
beads (Invitrogen) overnight at 4°C. After the beads had been washed
with radioimmunoprecipitation assay buffer four times, the bead-
bound proteins were heated in the loading buffer and resolved on an
SDS–12% polyacrylamide gel, transferred to a nitrocellulose mem-
brane, and immunoblotted with anti-HA antibody (IP: Rta) or anti-
Rta antibody (IP: HA). Panels labeled “lysate” show HA-K-bZIP (top)
and Rta (bottom) expression in total cell lysates. (B) K-bZIP directly
binds Rta. The complete coding sequence of K-bZIP was PCR ampli-
fied from pCMV-HA-K-bZIP by using the primers 5�-GCCGAATTC
(EcoRI)ATGCCCAGAATGA-3� and 5�-CGGGATCC(BamHI)TCA
ACATGGTGGGA-3�, digested with EcoRI and BamHI, and inserted
in frame into the EcoRI and BamHI site of pMAL Cx2 (New England
Biolabs, Inc.) to produce pMBP-K-bZIP. The MBP–K-bZIP fusion
protein was expressed and purified according to the manufacturer’s
specifications. To derive Rta protein, the complete coding sequence of
Rta was amplified by PCR from CMV-Rta and inserted into a bacterial
expression vector, pTrc2His2-TOPO (Invitrogen Corp.), to produce
pTrc2His2-TOPO-Rta, where Rta was tagged with a c-Myc epitope
and a hexahistidine extension at the COOH terminus. Expression and
purification of hexahistidine-tagged Rta protein by using Ni2�-nitrilo-
triacetic acid-Sepharose (Qiagen Inc.) were as described previously
(34). Five micrograms of MBP or MBP–K-bZIP was incubated with 2
�g of Rta or glutathione S-transferase–IKK� together with 30 �l of
amylose resin (New England Biolabs, Inc.). The resin was then washed

with 1 ml of a buffer containing 20 mM Tris-HCl (pH 7.5) and 100 mM
NaCl four times. Protein-bound resin was boiled in SDS-PAGE load-
ing buffer and the proteins were resolved in a SDS–12% polyacryl-
amide gel, transferred to a nitrocellulose membrane, and immunoblot-
ted with Rta or IKK� antibody.

3812 NOTES J. VIROL.



FIG. 4. K-bZIP-Rta interaction requires the bZIP domain of K-bZIP. (A) Domain organization of K-bZIP. Regions of K-bZIP included in the
deletion mutants are indicated. aa, amino acids. (B) The ZIP domain of K-bZIP binds Rta. The coding sequences of K-bZIP(1-189), K-bZIP(121-
237), and K-bZIP(189-237) were derived by PCR using the respective forward primers 5�-GCCGAATTC(EcoRI)ATGCCCAGAATGA-3�,
5�-GCCGAATTC (EcoRI)ATGCAGCTTCCAACT-3�, and 5�-GCCGAATTC(EcoRI) ATGCAGGCATTAGA-3� and the reverse primers 5�-C
GGGATCC(BamHI)TCAACATGGTGGGA-3� [K-bZIP(121-237) and K-bZIP(189-237)] and 5�-CGGGATCC(BamHI)TCACTGCTGCAGC
T-3� [K-bZIP(1-189)] and fused to the MBP sequence as described for Fig. 3. MBP and MBP fusion proteins containing full-length K-bZIP and
the three deletions were expressed and purified (lanes 7 to 11, stained with Coomassie brilliant blue), and 5 �g of each was used together with 2
�g of purified Rta protein in pull-down experiments (lanes 1 to 6, Rta immunoblot) as described for Fig. 3B. (C) K-bZIP lacking the ZIP domain
failed to suppress Rta transactivation. Transient transfection of HEK 293 cells and luciferase assays were performed as described for Fig. 1 except
that 1 �g each of pCMV-HA-K-bZIP, pCMV-HA-K-bZIP (encoding residues 1 to 189), pCMV-HA-K-bZIP (residues 121 to 237), and pCMV-
HA-K-bZIP (residues 189 to 237) were used, respectively, together with 1 �g of CMV-Rta. The expression plasmids for the deletion mutants of
HA-K-bZIP were constructed by fusing their respective coding sequences (PCR derived) with the coding region of the HA epitope in pCMV-HA
(Invitrogen Corp.) via EcoRI and BamHI site. The forward primers used here were 5�-GCCGAATTC(EcoRI)TGCCCAGAATGA-3� [K-bZIP(1-
189)], 5�-GCCGAATTC(EcoRI)TGCAGCTTCCAACT-3� [K-bZIP(121-237)], 5�-GCCGAATTC(EcoRI)TGCAGGCATTAGA-3� [K-bZIP(189-
237)]. The reverse primers were as described for the MBP fusion constructs in Fig. 3. Twenty micrograms of total cell proteins from each
transfection was resolved in an SDS–12% polyacrylamide gel and immunoblotted (IB) with an anti-HA mouse monoclonal antibody and a rabbit
polyclonal antibody against Rta. Luciferase assays were carried out as described for Fig. 1A.
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(Fig. 4C, left panel), possibly due to the instability of these two
deletions in mammalian cells. These results, nevertheless, are
consistent with the notion that the region in K-bZIP that en-
gages Rta resides in the ZIP domain.

Overexpression of CBP, p300, or P/CAF cannot reverse the
repression of Rta-mediated transactivation by K-bZIP. CREB-
binding protein (CBP), p300, and their associated factor,
P/CAF, are transcriptional coactivators that serve as general
integrators of signal-dependent transcription. They possess in-
trinsic histone acetyltransferase activity (21) and are involved
in interacting with sequence-specific DNA-binding transcrip-
tion factors and basal transcriptional machinery to promote
chromatin remodeling for transcription. CBP, p300, and P/CAF
are often recruited by viral transactivators to augment viral
gene expression. Previous studies have shown that the BD of
K-bZIP interacts with CBP and represses CBP-mediated tran-
scription (12). To investigate whether K-bZIP inhibition of
Rta-mediated transactivation occurs due to K-bZIP inactiva-
tion of a limiting pool of p300 or P/CAF, we attempted to
reverse the inhibitory effect of K-bZIP by increasing the levels
of p300 and P/CAF exogenously. An inhibitory level of pCMV-
K-bZIP was cotransfected with CMV-Rta and RtaRE220-Luc,
together with a saturating amount of a CMV-p300 or a FLAG-
epitope-tagged P/CAF expression construct, CMV-(f)P/CAF,
and a plasmid containing a herpes simplex virus type 1 thymi-
dine kinase (TK) promoter-driven Renilla luciferase gene as an
internal control. As shown in Fig. 5, despite the fact that p300
can increase the expression of TK-Renilla luciferase (Fig. 5A,

top, and B, lanes 3 and 5) and the CMV promoter-driven Rta
and K-bZIP (Fig. 5B, lanes 3 and 5), the inhibitory effect of
K-bZIP on Rta-mediated transactivation was unaffected by
overexpression of p300 or P/CAF (Fig. 5A, bottom, and B,
compare lanes 2 and 3 and lanes 4 and 5).

In summary, our results suggest that HHV-8 Rta and K-
bZIP are involved in an autoregulatory feedback loop whereby
transactivation of K-bZIP expression by Rta leads to an in-
crease in the level of K-bZIP, which in turn interacts directly
with Rta to down-modulate Rta-mediated transactivation of
K-bZIP expression and possibly the expression of other Rta-
activated genes. The interaction between K-bZIP and Rta re-
quires the ZIP region of K-bZIP. While the mechanism of Rta
repression by K-bZIP is not clear at present, it does not appear
to involve disruption of Rta binding to the Rta response ele-
ment, as Rta binding to DNA is unaffected by the addition of
K-bZIP (unpublished data). Finally, though speculative at this
point, our inability to reverse K-bZIP repression by overex-
pressing p300 and/or P/CAF suggests that K-bZIP may disrupt
the interaction between Rta and other transcriptional coacti-
vators or basal factors. These data provide an interesting con-
trast to the well-established paradigm reported for the inter-
action between EBV Rta and Zta.

We thank Gary Hayward for the HHV-8 Rta antibody, Bala Chan-
dran for the BCBL-1 cDNA library, Aviva Symes for the pA3Pluc
plasmid, and Xin Xiang for assistance with fluorescence microscopy.

FIG. 5. Overexpression of p300 or P/CAF cannot relieve the repression by K-bZIP. (A) Activities of luciferase reporters. Approximately 107

HEK 293 cells in 100-mm dishes were cotransfected with reporter plasmids RtaRE220 (0.5 �g), pTK-RL (0.1 �g), and the indicated amounts of
CMV-Rta and pCMV-HA-K-bZIP together with CMV-HA-p300, CMV-P/CAF, or CMV-p300 plus CMV-P/CAF as for Fig. 4. The total amount
of transfected DNA (7.6 �g) in each dish was kept constant by the addition of the empty vector plasmid pcDNA3.1(�). Preparation of cell lysates
and luciferase assays were performed as described for Fig. 1A. (B) Immunoblot analyses of cell lysates from panel A. Immunoblots were carried
out as for Fig. 1B by using antibodies against Rta, HA, and FLAG epitopes. Each lane contains 10 �l of cell lysates (�20 �g of total protein). MW,
molecular weight (in thousands).
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